ABSTRACT
Introduction
With the aim of developing new ways to produce metallic nanoparticles by using materials that are environmenttally friendly, we propose this novel method of producing metallic nanoparticles like Ag, Pt by using albumin as a reducing agent. Improvement in the quality of both the environment and working conditions offers one of the primary reasons for industries to turn to green products as alternatives to chemicals. In this paper, we have reported the synthesis of silver nanoparticles by reducing silver ions, employing albumin as the reducing agent.
The albumin protein was used as a covalent attachment of metal chelates to protein, with a chelate of indium [1] . The stabilization by Natural biosurfactant was used in the synthesis of silver nanoparticles [2] . The soil contamination with toxic metal has become a major environmental concern in many parts of the world due to rapid industrialization. The use of chelating agents is the remediation of metal contaminated soils. [3] .
The attachment of metal-chelating groups as albumin and some proteins have been found in medical applications [4, 8] .
In recent years nanoparticles of silver have been found to exhibit interesting antibacterial activities [9] .
A variety of preparation routes have been reported for the preparation of silver nanoparticles. Silver salt reducetion was the most used [10, 15] .
In the present paper, we report a simple and "green" chemical synthesis of silver nanoparticles from albumin. The silver NPs were characterized by UV-vis absorption spectrum measurements and transmission electron microscopy (TEM),
Materials and Methods

Reagents
Albumin, AgNO 3 , purchased from Sigma-Aldrich, and ammonium hydroxide (29.9%, Fermont) were used without any further purification. Mili-Q water (18.2 Ω) was used throughout the experiment.
Characterization
The optical absorption spectra were obtained with an Oceanoptics S2000-UV-Vis system; transmission electron microscopy TEM images at 100 kV was carried out using a JEOL-1230. Thermogravimetric Analysis (TGA) was made and the average particle size was measured with a Nanosizer DLS.
Synthesis of Silver Nanoparticles
Silver nanoparticles were prepared in an aqueous solution by reducing Ag + ions with albumin solution. The detailed synthetic procedure of silver nanoparticles is as follows: A albumin solution was prepared dissolving 0.1 grams of albumin in 30 ml of deionizer water. Another AgNO 3 solution was prepared dissolving 0.05 grams of AgNO 3 in 10 ml of deionizer water. The particles were prepared by mixing the silver ion solution with the albumin solution in a magnetic stir and after 5 minutes, 29.9% ammonium hydroxide was added in drop form, producing an adjustment of pH = 11. It was stirred magnetically for 15 minutes, it was necessary to let the solution settle for 24 hours, because the reaction speed is slow. After that time, the nanoparticles were formed. The silver nanoparticles were recovered by filtration and afterwards washed a minimum of 3 times with ethylic alcohol.
Results and Discussion
In order to find the pH at which the albumin has reducing property, we varied the pH slowly, adding an ammonium hydroxide dilute solution and measured the reducing potential continuously. Figure 1 shows the results and we can see that albumin acts as a reducer with a pH greater than 10.4. As a result we raised the pH of the final mix of the silver solution and the albumin solution to 11.
Colloidal dispersion of metal exhibits absorption bands or broad regions of absorption in the ultra violet-visible range. These are due to the excitation of plasmon resonance or interband transition and are a characteristic property of the metallic nature of the particle. For example, nanosized Ag particles typically exhibit a surface plasmon peak at around 420 nm. To monitor the stability of the final prepared silver nanoparticles, we measured the absorption spectra of the solution when it was prepared we measured it again, six month later. As shown in Figure 2 , the silver nanoparticles obtained initially show an absorption peak about 443 nm (solid line) and the plasmon absorption band of the same sample measured six months after its preparation (dash line) shows only a small change, at 458 nm. The decrease in the absorption of the sample after six months indicates a small increase of silver nanoparticles.
A representative TEM image is shown in Figure 3 . The TEM indicates that the morphology of the silver nanoparticles obtained is spherical and relatively uniform; the size distribution observed is narrow. Most of the particles range in size from 5 to 20 nm. We see that the average diameter of the particles is about 13 nm. We can see that the silver nanoparticles are well separated with no sign of aggregation. The mean superficial area is 44 m 2 /g. Figure 4 shows the size distribution of the silver particles obtained with LSD nanosizer equipment. We can see that the diameter of the silver particles is 26.82 nm with a band width of 6.43 nm, indicating that the size distribution of the silver nanoparticles is narrow. This result is similar to the TEM image we obtained.
In order to find the number of silver nanoparticles and the amount of organic material, we obtained a TGA of a typical sample we had prepared. The TGA is shown in Figure 5 .
Three phases of endothermic change are observed. They are marked with the numbers (1), (2) , and (3). Point (1) refers to the water evaporation; the sample has 35% weight of water. Point (2) presents a small shoulder corresponding to organic material decomposition; the quantity of organic material is merely 2% weight, a very small percentage. It is possible to reduce the organic material further by washing the sample more times. Point (3) represents the fusion of silver particles; the melting point of silver bulk is 961.9˚C, which corresponds to Point (3).
Conclusions
In conclusion, the bio-reduction of aqueous Ag + ions by the natural "green" albumin has been demonstrated. The silver ion reduction through albumin for the formation of silver nanoparticles of fairly well-defined dimensions. This green chemistry approach toward the synthesis of silver nanoparticles has many advantages such as the ease with which the process can be scaled up, economic viability, etc. Albumin can be used by nanotechnology processing industries. With this method we can obtain a large amount of small silver nanoparticles in a narrow size range. The agglomeration of particles after six months varies only by a small percentage. The morphology of the nanoparticles is spherical. We can say that the stability of the nanoparticles holds well for several months because a high percentage of the particles retain a nanometric size.
